Abstract. The present study aimed to investigate the correlation of smoking with cumulative total dust exposure (CTE) and cumulative abnormal rate of pulmonary function in coal-mine workers. A total of 376 coal-mine workers were recruited as the observational group, while 179 healthy workers in other industries were selected as the control group. All the workers underwent pulmonary function testing to determine their forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1) and FEV1/FVC, in order to compare the abnormal pulmonary function between the two groups. A markedly higher number of smokers was observed in the observational group (200/376, 53.19%) when compared with the control group (72/179, 40.22%). In smokers, the abnormal rate of pulmonary function in the observational group (102/200, 51.00%) was evidently higher compared with that in the control group (19/72, 26.39%), whereas no significant difference was detected between the two groups of non-smokers (P=0.077). In addition, FVC, FEV1 and FEV1/FVC of the observational group were found to be lower compared with those in the control group, in both the smoking and non-smoking subgroups. In the smoking subgroup, FVC and FEV1 in subjects working at the coal mine for different number of years showed significant differences (all P<0.05), whereas comparison of FEV1/FVC in workers with different working durations showed no significant difference (P=0.169). However, in the non-smoking subgroup, the comparison of FVC, FEV1 and FEV1/FVC in different working duration groups also showed no significant difference (all P>0.05). Furthermore, FVC, FEV1 and FEV1/FVC in smoking coal-mine workers were negatively correlated with the dust-exposure working duration (P<0.05). CTE was also positively correlated with cumulative abnormal rate of pulmonary function in the smoking and non-smoking subgroups, while FEV1 was negatively correlated with CTE in the smoking subgroup (P=0.009). In conclusion, smoking is an important risk factor for the damage of pulmonary function in coal-mine workers, and it is positively correlated with dust-exposure time and CTE in these individuals.
Introduction
In recent years, the coal mining industry has been developing at a high speed, which has significantly increased the incidence of occupational disease (1) . Coal miners are at a risk for certain lung diseases, including silicosis, coal worker's pneumoconiosis (CWP) and mixed dust pneumoconiosis, along with chronic airway diseases and dust-associated diffuse fibrosis (2) . CWP, a progressive and irreversible lung disease occurring worldwide, mainly results from the inhalation and accumulation of respirable coal and silica dusts (3) . According to statistics, there were ~24,206 new cases of CWP diagnosed in 2012, which accounted for ~88.28% of all reported occupational diseases (4) . Similar to other lung diseases, a person's risk of developing CWP results from various factors, such as free silica content, concentration of respirable coal dust, particle size with its composition of coal dust, age, duration of exposure and work environment of workers (5) . CWP is reported to greatly influence patients' health, since it can exacerbate other diseases or even result in disability and mortality, but also increases the burdens of the national health care system (6) . Currently, not all the active coal miners with CWP have worked under dust standards based on the Federal Coal Mine Health and Safety Act of 1969, implying that workers in the coal mining industry still lack adequate protection from coal mine dust-associated disease (7) .
Pulmonary function tests (PFTs) are usually applied to identify and quantify abnormalities and defects in the function of the respiratory system (8) . PFTs evaluate the entire respiratory system through physical examinations, investigation of patient history, tests of pulmonary function, arterial blood gas Correlations of smoking with cumulative total dust exposure and cumulative abnormal rate of pulmonary function in coal-mine workers analysis, as well as chest X-ray examinations (9) . The forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1) and FEV1/FVC are three common measures that clinically relevant to pulmonary function (10). FEV1 and FVC are affected by the size of the lung and are also reduced by restrictive lung diseases, which lead to a greater reduction in FEV1 compared with FVC (11) . In addition, reduced FEV1/FVC, independent of lung size and indicative of airflow obstruction, is the main criterion for defining obstructive hypoventilation (12) . PFTs have an important guiding significance for the early detection of lung and airway diseases, the assessment of severity and prognosis of disease, and the identification of the reasons for expiratory dyspnea (13) . It is well-known that smoking can lead to the occurrence and development of various diseases, such as cerebrovascular disease, cancer, respiratory system disease and cardiovascular disease (14) . A previous study proposed that the combined effect of smoking and dust is an important factor causing a decline in pulmonary function of dust-exposed workers (15) . Respirable coal dust concentration in the working area, and cumulative total dust exposure (CTE) is a significant risk factor for abnormal pulmonary function, and a previous study observed that CTE may lead to COPD, including chronic bronchitis and emphysema (2) . Therefore, in order to increasing the life span of coal-mine workers, the present study aimed to investigate the correlation of smoking with CTE and cumulative abnormal rate of pulmonary function in 376 coal-mine workers.
Materials and methods
Ethics statement. The study was performed with the approval of the Institutional Review Board of the Experimental Teaching Demonstration Center, Central Laboratory, College of Public Health of North China University of Science and Technology (Tangshan, China). Informed written consent was collected from each eligible worker and the entire study was performed based on the Declaration of Helsinki (16) .
Subjects.
A total of 376 male workers specialized in mining operations, who did not change occupation since they began coal mining operations, were selected from a coal mine in Tangshan as the observation group. These male subjects were aged between 21 and 59 years, with a mean age of 40.67±11.17 years, body weight of 47-86 kg, mean body weight of 66.47±11.37 kg, mean height of 170.8±6.24 cm and mean working duration of 22.53±9.56 years. Workers were considered to be dust-exposed and were included into the study if they met the following criteria: i) Exposure to dust for >1 year; ii) exposure time in the specific coal mine accounted for >50% of their total exposure time; iii) health examination results within the past 2 years were available; and iv) the history of changes in work were clear and complete, or could be completed through archives.
In addition, 179 healthy male workers in the instrument and meter plant and electrical power plant, which were in the same area as the coal mine, were selected as the control group of non-dust exposure workers. Control subjects were aged between 20 and 58 years, with a mean age of 38.99±11.62 years, body weight of 46-87 kg, mean body weight of 66.65±11.81 kg, and mean height of 169.3±5.32 cm. There was no statistically significant difference in the age, gender, body weight and height between the two groups (P>0.05). The selected subjects were free of active tuberculosis, short-term (within 2 weeks) bronchial-pulmonary infection history, bronchial asthma, and heart, liver, kidney, immune system or endocrine system diseases. Furthermore, the subjects had not received treatments affecting the immune and endocrine functions. A professional physician performed unified health inspection using a unified health examination form, which was completed individually for each participant. The main information collected included the following: Name, gender, age, height, body weight, temperature, pressure, smoking status, type of dust exposed to, dust work history, work environment, protection measures and past medical history.
PFT. The determination and analysis of PFT results were performed by respiration physicians using Beijing AS.507 type spirometer (Beijing Kangxin Tongchuang Science and Technology Co. Ltd., Beijing, China). Prior to the examination, the subjects were instructed to rest for 5-10 min and to breath calmly 4-5 times before each test. The subjects inhaled deeply, aligning the inlet of the equipment with the oral cavity, and subsequently exhaled deeply as fast as possible. The pulmonary function measurement parameters included FVC, FEV1 and FEV1/FVC. The optimum results obtained from three or more measurements in each subject were selected as the final results of the pulmonary function.
Evaluation criteria. Smoking was evaluated based on the smoking index, which was calculated by the number of cigarettes smoked per day per smoking year. Subjects with a smoking index ≥20 were classified as smokers, while subjects with an index <20 were classified as non-smokers.
Abnormal pulmonary functions were evaluated according to the relative values of FVC and FEV1, with the exception of FEV1/FVC. The relative value was calculated as follows: (Actual measured value / theoretical value) x 100%. The theoretical value was obtained using a PFT instrument and a computational formula (17) based on the age, gender, height, weight, temperature, pressure and other factors, while the relative value eliminated the influence of the aforementioned factors. Generally, an index with a theoretical value of ≥80% was considered as normal, according to the techniques and methods of compiled normal values of pulmonary function reported nationwide (18) .
Dust-exposure time was also evaluated. The dust-exposed working duration was considered to be 1 year in subjects exposed to coal dust for 1 full year, without changes in work history. Subjects were divided into the following four groups, according to the dust-exposure working duration: <10 years, 10-20 years, 20-30 years and >30 years.
CTE. According to the detection data of dust-exposure levels reported between 1970 and 2013 by the Safety and Environmental Protection Department of the coal mine (total dust concentration is mainly measured by the filter membrane method) (19) , the work history of subjects was carefully investigated, including details on the work hours or the length of time working in the mine in their career, and any changes in the type of work. The CTE of each coal-mine worker was calculated as follows: CTE = ∑(Ci x Ti), where Ci is the dust concentration the worker was exposed to at a certain period of time, and Ti is the working year during which the worker was exposed to this concentration. CTE is expressed in terms of mg/m 3 .years.
Cumulative abnormal rate of pulmonary function. The cumulative abnormal rate of pulmonary function was calculated as follows: Cumulative abnormal rate = 1 -cumulative normal rate; cumulative normal rate = (1 -abnormal rate) x (1 -higher abnormal rate); abnormal rate = morbidity [number of subjects at the beginning of the period -(number of subjects at the end of the period / 2)]. Number of subjects at the beginning of the period refers to all the individuals with a certain initial CTE, while the number at the end of the period refers to all the individuals with a certain CTE at the end.
Statistical analysis. The calculation formula according to quantitative results of sample size was as follows:
, and this formula was used to calculate whether the research object met the required sample size. µ 1 and µ 2 refer to the mean values in non-dust exposed and dust-exposed workers, respectively. σ refers to standard deviation, f(α,β) refers to the function. α refers to the probability of the first type of error and β is the probability of second type of error. Considering the relative value of FEV1 as an example, if α=0.05, β=0.10 and f + (α, β)=10.5, and the results of the present study were µ 1 =87.46, µ 2 =79.07 and σ=14.63, then the obtained sample size would be 63.85. Therefore, a sample size of 64 cases is required in this test, while the actual sample size of the control group was 179 cases, and the sample size of the dust-exposed worker group was 376 cases; thus, the sample sizes included in the present study satisfy the required number.
In the current study, the associated information was collected and a database was established. SPSS version 16.0 software (SPSS, Inc., Chicago, IL, USA) was used for data analysis and processing. Measurement data are presented as the mean ± standard deviation, and were analyzed using t test and F test. Enumeration data are presented as %, and were analyzed using χ 2 test. Correlations were analyzed by Pearson's correlation. A P-value of <0.05 was considered to indicate a statistically significant difference.
Results
Distribution of smoking status in the observational and control groups. The distribution of smoking status in the observational and control groups is displayed in Fig. 1 . In the observational group, 200/376 subjects (53.19%) were smokers, which was higher compared with the number of smokers in the control group (72/179 subjects; 40.22%), with a significant difference observed (χ 2 =8.16; P=0.004).
Comparison of cumulative abnormal rate of pulmonary function in the observational and control groups. As shown in Fig. 2 , the cumulative abnormal rate of pulmonary function within smokers in the observational group (102/200; 51.00%) was evidently higher compared with that of smokers in the control group, with a statistically significant difference identified (χ 2 =12.98; P=0.003). However, in the non-smoking subgroup, the cumulative abnormal rate of pulmonary function in the control group was 44.86% (48/107), while the rate was 55.68% (98/176) in the observational group, with no significant difference observed (χ 2 =3.121; P=0.077).
Comparison of FVC, FEV1 and FEV1/FVC values.
In the smoking and non-smoking subgroups, FVC and FEV1 in the observational group were markedly lower compared with those in the control group (both P<0.05). In addition, FEV1/FVC in the observational group was weakly lower compared with that in the control group; however, no significant difference was detected (P>0.05; Table I ).
As shown in Table II, Table III demonstrates the correlation of smoking with pulmonary function in the observational group. The results indicated that FVC, FEV1 and FEV1/FVC in the smoking subgroup were negatively correlated with the time length of dust exposure (all P<0.05). By contrast, FVC, FEV1 and FEV1/FVC in the non-smoking subgroup of coal-mine workers were not found to be correlated with dust-exposure working duration (all P>0.05).
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Correlation of smoking with pulmonary function in coal-mine workers with different working durations.
Correlation of CTE and cumulative abnormal rate of pulmonary function.
The cumulative abnormal rate of pulmonary function in the smoking subgroup increased from 0.54% (100 mg/m 3 .years group) to 77.78% (1,700 mg/m 3 .years group) as shown in Table IV and Fig. 3 . Similarly, the cumulative abnormal rate in the non-smoking subgroup increased from 0.58% (100 mg/m 3 ·years group) to 75.76% (1,700 mg/m 3 ·years group; Table V and Fig. 3) .
Correlation of smoking with pulmonary function in coal-mine workers with different CTE. CTE was positively correlated with cumulative abnormal rate of pulmonary function in both the smoking and non-smoking subgroups (smoking subgroup: r= 0.884, P<0.001; non-smoking subgroup: r=0.901, P<0.001). As shown in Table VI, FEV1 was negatively correlated with CTE in the smoking subgroup (r=-0.184, P=0.009); however, FVC and FEV1/FVC showed no correlation with CTE (both P>0.05). In the non-smoking subgroup, FVC, FEV1 and FEV1/FVC had no significant association with CTE (all P>0.05; Table VI). Table III . Correlation of smoking with pulmonary function in coal-mine workers with different working durations. 
Smoking subgroup Non-smoking subgroup ------------------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------- age (years) n FVC FEV1 FEV1/FVC n FVC FEV1 FEV1/
Non-smoking subgroup Smoking subgroup -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Discussion
The present study demonstrated that the cumulative abnormal rate of pulmonary function in smoking coal-mine workers was significantly higher when compared with that in the control group, indicating that smoking is an important risk factor for the damage of pulmonary function in coal-mine workers. This may be explained by the fact that cigarette smoke contains various harmful substances, including nicotine, tobacco tar, nitrosamine and carbon monoxide, which causes great harm to the respiratory system (20) . Inhalation of these harmful substances can activate alveolar macrophages, T lymphocytes and neutrophils, and these activated inflammatory cells subsequently release a variety of compounds, including leukotriene B4, interleukin-8 and tumor necrosis factor-α (21) . These can damage the lung structure and promote the inflammatory reaction of neutral granulocyte, and lead to chronic inflammation of airway, lung parenchyma and pulmonary blood vessels (21) . Furthermore, shorter and irregular bronchial epithelial cilia caused by smoking can hinder the ciliary movement, reduce local resistance, weaken phagocytosis and sterilization effects of alveolar phagocytic cells, and are able to cause bronchospasm and increase in airway resistance (22) . A previous study has shown that smoking causes the increase of secretion in the airway through the sensory nerve endings, and the excessive secretion of mucus has been found to be an important risk factor of airflow obstruction (23) . With the exception of airway obstruction, long-term smoking also can damage the vascular system. Carbon monoxide produced by cigarette smoking can damage the endothelial cells of the arterial wall and accelerate the development of atherosclerosis, which further decrease the gas exchange function of lungs (24) . The effect of smoking on pulmonary function has been demonstrated by a previous study, and it is reported that smoking may cause a decline in pulmonary function, especially in small airway dysfunction. The combined effects of smoking and CTE on FEV1 were significantly greater than that of the smoking only and CTE only (25) .
The current study indicated that FEV1 was negatively correlated with CTE in the smoking subgroup, suggesting that smoking was positively correlated with the damage of pulmonary function in coal-mine workers and CTE. Additionally, in both the smoking and non-smoking subgroups, FVC, FEV1 and FEV1/FVC were significantly lower compared with the control group, indicating that long-term exposure to coal dust significantly affected the pulmonary function of workers, with a marked decrease observed in FVC, FEV1 and FEV1/FVC. These decreased value may be due to the fact that dust inhaled through the nose or mouth can reach any part of the respiratory tract, from the nose to alveoli, and affect the entire respiratory system; similarly, respirable dust can enter the alveolar region of the lung and result in fibrosis or pneumoconiosis that may be represented by changes in FVC (26) . In addition, a low FEV1/FVC value suggests the existence of airflow obstruction, while FEV1 serves an important role in classifying the severity and in following the progression of obstructive lung disease for a long time (27) . Notably, a low FVC is an indicator of a restrictive disorder, and patients with a low FVC will also tends to have a low FEV1, which indicates an obstructive impairment. Generally, a healthy individual exhales approximately 70-80% of the FVC in the first second of exhalation, while people with airway obstruction exhale only 60% or less of the FVC in the first second (28) .
The present study also demonstrated that FVC and FEV1 in smoking workers with a >30-year working duration were evidently lower when compared with those in the <10-year, 10-20-year and 20-30-year working duration groups. This Table VI . Correlation of smoking with pulmonary function in coal-mine drillers with different cumulative total dust exposure. 
Smoking subgroup Non-smoking subgroup ------------------------------------------------------------------------------------------------------------------------------------------
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suggested that with the increase of workers' exposure time to coal dust, the FVC, FEV1 and FEV1/FVC decreased more significantly, thus indicating a close association between the dust-exposure time and pulmonary function indexes in coal-mine workers. In the current study, the cumulative abnormal rate of pulmonary function increased with the increase in the amount of accumulated dust, implying that abnormal pulmonary function is directly associated with the CTE value of the worker. Therefore, a greater CTE results in a higher risk of abnormal pulmonary function. Correlation analysis demonstrated that there was a positive correlation between CTE and the cumulative abnormal rate of pulmonary function; thus, controlling the CTE of workers to a certain level range may help to control the abnormal rate of pulmonary function. Coal workers with respirable dust exposure for a long period of time are more likely to be affected by mortality from respirable diseases, indicating that the risk of mortality from respirable dust increases with the increase of respirable dust exposure (29) . In agreement with the present study results, a previous study reported that CWP is primarily controlled by reducing dust exposure in coal mines with technological improvements and the establishment of dust standards (1).
In conclusion, the results of the present study indicated that smoking is an important risk factor for the damage of pulmonary function in coal-mine workers, and it is positively correlated with dust-exposure time and CTE in these individuals.
